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Outline 


JÎ 1. Concepts 
2. Horizontal Alignment 
a. Fundamentals 
b. Superelevation 
3. Setting out of Horizontal Curve 





J ° Alignment is a 3D problem broken s 
down into two 2D problems — 
— Horizontal Alignment (plan view) 
— Vertical Alignment (profile view) 
* Stationing 
— Along horizontal alignment 
— 124500 = 12500 m. 
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| Stationing 


Horizontal Alignment 


Vertical Alignment 
مس ب شا —— ——— الا‎ 
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Horizontal Alignment 


* Objective: 
— Geometry of directional transition to ensure: 
° Safety 
* Comfort ^ 


* Primary challenge 
— Transition between two directions 
— Horizontal curves 
* Fundamentals 
— Circular curves 
— Superelevation 





Horlzontal Curve Fundamentals 
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Horlzontal Curve Fundamentals 





E = R(SecA/2—1) 
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| Example 1 


A horizontal curve is designed with a 450 m radius. The tangent length is 
120m and the PC station is 2-000. What are the Pl and PT stations? 





| Design Concept 


Two Basic Problems that determine the minimum 


radius of any horizontal curve. 





Balance of vehicle , and 





e Sight Distance . 





1. Balance of vehicle 
(Superelevation) 








Centripetal or Centrifugal? 


* As a vehicle moves in a circular path 
— Centripetal acceleration acts on the vehicle in 
the direction of the center of the curve 
* The acceleration is sustained by 


— Component of the vehicle's weight related to 
the roadway superelevation 


— Side friction developed between the vehicle's 
tires and the pavement surface 


— Or a combination of the two 








Superelevation 
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Centrifugal Force 


* Imaginary force that drivers believe is 
pushing them outward while maneuvering 
a curve 

° In fact, the force they feel is the vehicle 
being accelerated inward towards the 
center of the curve 





Centripetal Acceleration 


* Is counter-balanced by two factors: 

— Superelevation 

— Side Friction Factor 

Research has been conducted (dated) that 
has established limiting values for 
superelevation rate (e max) and side 
friction demand (f max) 

Applying the limiting values results in the 
minimum curve radius for various design 
speeds 








Selection of e and f. 


* Practical limits on superelevation (e) 
— Climate 


— Constructability 
— Adjacent land use 
Side friction factor (f,) variations 
— Vehicle speed 
— Pavement texture 
— Tire condition 








Side Friction Factor ‘f 


Side Friction Factor (f) 
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Assumed values for 
high-speed design 





Speed (mph) 


From AASHTO's 2004 








Minimum Radius Tables e, .,=4% 
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From AASHTO's 2004 








Minimum Radius Tables emna, = 6% 
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From AASHTO's 2004 





Minimum Radius Tables e, ., = 8% 
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From AASHTO's 2004 








Minimum Radius Tables e, ۵ 
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From AASHTO's 2004 
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Method 1:eand t are directly proportional to 1/R 


o A straight line relation for e 
and f between 1/R=0 and 
WR=1R, n for vehicles 
travelling at design or 
average running speed. 

* Considerable merit and 
logic but simple. 

* Appropriate if each vehicle 
travels at a constant speed 
on tangent and curve 
(intermediate degree or with 
minimum radius) 

e Some drivers drive faster 
on tangents and flatter 
curves than on sharper 
curves. 
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Corresponding f 
ot design speed 














Method 2: t first reaches the maximum value then e starts increasing 


* First f - then e are 7 719 9 
i i i - Moximum A ኢኢ sw s 
increased in inverse کر ر‎ ም” 
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curves. 


* Superelevation, when 
introduced, increase rapidly. 

* Particularly advantageous 
on low speed urban streets 
where because of practical 
constraints, superelevation 
frequently cannot be 
provided 
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Side friction foctor, f 











Method 3: e first reaches the maximum value then f starts increasing 


5 ۱ 7 NGA ጋ 
Maximum — | م‎ í 


* e up to e,,, for vehicles 
travelling at design speed 

* No side friction on flat curves: 1 e lon 
(e<e,,,, at design speed) 

* Beyond e,,,,, f increase eee M 
rapidly as curves become ی‎ Mee 7 
sharper. 

* Results in negative f on flat 
curves for vehicles travelling 
at average running speed. 

* Marked difference in f for 
different curves: Not logical 
and may result into erratic 
driving, either at design or 
average running speed. 
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Corresponding f 
ot design speed 


Side friction foctor, f 








Method 4: Same as method 3 
but this is based on average running speed instead of design speed 


Pu. d 


* Overcomes deficiency of ፡ Papen በክ መጨ :-:: ka 
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- at average running speed no 
f is required up to this 
curvature. 

* f, when introduced, increases 
rapidly and in direct 
proportion for sharper curves. 

* Same disadvantage of method: 
3 but with smaller degree. | 
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Method 5: eand f are in a curvilinear relation with 1/R 


* For overdriving (likely) on flat 
to intermediate curves: 
desirable to have *e* similar 
to method 4. 

* Very little risk for overdriving 
on such curves: ‘e’ adequate 
for average running speed 
and considerable ‘P for 
greater speed. 


Superelevotion rote, e 


Side friction foctor, f 
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Design Superelevation Rates - AASHTO 


* Method 5: distribution of 
ʻe’ and *P reasonably 
retaining the advantages 
of both method 1and 4 

* Method 1: is also 
desirable: a voids use of 
6 پر‎ for a substantial 


part of the range of 
curve radii 
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ሥ | ሙ 
4 | p -— 4 
/ | © pit ሠ 


a | እ e በበበ መር ና መ 
/ Fu TT X3) On 7 
Moximurmn | 


7 መ P d ye Distribution of 
E 5 / Superelevation 
ሥ መ” ሠ 
ሥ ^ ሥ 
“መቺ P. 
t 
ብቴ በ መመ ط دب(‎ 
۱/5 
عبقت‎ 






ሮም መ መ ana dais ب‎ 
-Q- 
ግ 





Corresponding f 
ot design speed 





| Design لا ت‎ Rates - AASHTO 
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from AASHTO's A Policy on Geometric Design of Highways and Streets 2004 





| Design superelevation Rates - AASHTO 
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| Design Superelevation Rates - WSDOT 
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from the 2005 WSDOT Design Manual, M 22-01 


| Design superelevation Rates - AASHTO 
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| Design Superelevation Rates - AASHTO 
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Maximum Superelevation (AASHTO) 
81. 


Depending on four factors: 

* Climate condition (frequently & amount of snow 
and ice) 

* Terrain condition (flat, rolling, mountainous) 

* Type of area (Urban, Rural) 

* Frequently of slow moving vehicles (affect high ‘e’) 

No single e, is universally applicable 

Desirable to use one e, , (uniformity) within a 

region and similar climate for design consistency 





Maximum Superelevation (AASHTO) 


- Five values: 4, 6, 8, 10, 12 percent 

Y 12%: Practical maximum value where snow and ice do not exist 

Y 10%: Highest superelevation rate for highways in common use 

7 8%: Reasonable max value for low volume gravel surfaces 
roads - also max practical limit where snow and ice are factors 

Y 4 - 696: Where traffic congestion and extensive marginal 
development acts to restrict top speeds. 


(above 8% only in areas without snow and ice) 


Example 5 


A section of Blbs-Asher is being designed as a high-speed divided 
highway. The design speed is 100 kph. What is the minimum curve 
radius for safe vehicle operation? 














